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SUMMARY

The United States Army Aviation Materiel Laboratories, Fort Eustis,
Virginia, has conducted a flight loads investigation program for several
operational aircraft. The aircraft involved in the program were the
OV-1A, CH-47A, UH-1B, and CH-54A, is report deals oaly with the
analysis of the 110.4 hours of CH-54A Skycrane data. Century 409B
oscillograph recorders were used to collect the parameters measured,
including airspeed, altitude, vertical acceleration at center of gravity,
main rotor rpm, longitudinal cyclic stick position, collective stick posi-
tion, outside air temperature, torque on each engine, and gas producer
rpm on each engine. Barometric pressure and takeoff-and-landing gross
weight estimates were also recorded as supplemental information. The
flight data were divided into four categories by mission: ascent, maneu-
ver, descent, and steady state. The aircraft were performing their
normal mission functions during the period in which the data were col-
lected.

Time history tables, histograms, peak counts, and exceedance curves
were generated from the data. As a result of this study, designers now
have a limited sample of conditions experienced by four CH-54A aircraft
in the field.
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FOREWORD

The material presented in this report is the result of a joint endeavor by
the United States Army Aviation Materiel Laboratories (USAAVLABS),
Fort Eustis, Virginia, and Technology Incorporated, Dayton, Chio. The
program was sponsored by the Aeromechanics Division and was performed
by the Engineering Laboratories Division of USAAVLABS, and the data
were collected ard reduced by Technology Incorporated.

The authors express appreciation to Mr. Cyril G. Peckham, Mr. John F.
Nash, Mr. Larry E. Clay, Mr. Howard I. Ackerman, Mr. William E.
Morrin, and Mr. Ronald I. Rockafellow, all of Technology Incorporated,
for their contributions to this report.

Special acknowledgement is given to Dr. R. G. Loewy, who served as
consultant to the program.
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SYMBOLS

Computer Equivalent

thrust coefficient . . 5 : : .o . CT
acceleration due to gravity, 32.174 ft/sec2

density altitude, ft

normal load factor, g . 3 5 5 . . . Nz
outside air temperature, °F

atmospheric pressure, inches of mercury

rotor radius = 36.0 ft

rotor revolutions per minute

indicated airspeed, ft/sec

gross weight, 1b

incremental load factor = nz - 1.0

rotor tip speed ratio : ! ! 5 : : . MU
local atmospheric density, slugs/ft3

sea level density = ,0023799 slug/ft3

rotor solidity = 0,08649 . . . . . . S

rotor angular velocity, radians/sec
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INTRODUCTION

The United States Army Aviation Materiel Laboratories (USAAVLABS) is
engaged in basic research involving the adequacy of structures of U, S.
Army aircraft. It was necessary to begin a flight loads investigation
program in order to provide designers with the load spectra experienced
by operational aircraft, USAAVLABS conducted this task as an in-house
effort for CH-54A aircraft which were performing routine mission
assignments in the Fort Benning, Georgia, area.

The operational characteristics of the CH-54A were analyzed in the

110. 4-hour statistical sample of data compiled in this report. Param-
eters measured included airspeed, altitude, outside air temperature,
vertical acceleration at the center of gravity, main rotor rpm, collective
stick position, longitudinal cyclic stick position, engine torque of each
engine, and gas producer rpm of each engine. Supplementary information
for each flight consisted of gross weight estimates, type of mission, and
barometric pressure. Airborne oscillographic recorder systems were
utilized to obtain the data.

The data from each flight were classified as belonging to one of the
following four mission segments: ascent, descent, maneuvering, or
steady state. By grouping and correlating the various parameters with

the supplemental information collected, it was possible to generate exceed-
ance curves, histograms, and gust spectra to provide preliminary guide-
lines for aircraft design.

The original goal of 200 flight hours of operational data was not met
because the instrumented aircraft were sent to the Republic of Vietnam
before the completion of the data-gathering program.



OBJECTIVES

The primary objectives of this program were:

l. To provide a minimum statistical sample of operational data for
establishing design criteria for future heavy-lift helicopters.

2. To present this information in a convenient form for use by
aircraft designers,

3. To perform limited preliminary analyses of these results,



METHOD

DATA RECORDING

Three CH-54A helicopters were instrumented during the present program.,
These helicopters were assigned to the 478th Flying Crane Company
stationed at Fort Benning, Georgia. Instrumentation began on 25 January
1965, and data recording began on 4 February 1965. The recording was
completed on 27 July 1965. A total of 110, 38 hours of usable data from
409 flights was recorded on a Century Type 409B oscillograph. A block
diagram of the complete instrumentation system is shown in Figure 1.
The following parameters were recorded: airspeed, altitude, vertical
C.G. acceleration, outside air temperature, main rotor speed, collective
stick position, longitudinal cyclic stick position, engine torque (two
engines), and gas producer rpm (two engines).

DATA PROCESSING

Data Editing and Reading

The editing and reading of the data presented in this report were done by

personnel of the U, S, Army Aviation Materiel Laboratories. In order to
explain some of the forms of data presentation, a few editing and reading

comments are in order.

The flight records are divided into four mission segments:

Mission Segment 1 - Takeoff and Ascent

Mission Segment 2 - Maneuver

Mission Segment 3 - Descent, Flare, and Landing
Mission Segment 4 - Steady State.

The first three mission segments are transient flight conditions during
which there were no obvious steady values of the stick positions,
Mission Segment 1 includes all takeoff times and other times during
which the helicopter performed an unsteady ascent. Mission Segment 2
includes all unsteady flights falling in neither Mission Segment 1 nor
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Mission Segment 3. Mission Segment 3 includes all landings and all

unsteady descents. Mission Segment 4 includes all flight time during
which the stick positions were relatively steady and during which the

airspeed and altitude were steady or changing smoothly.

The peaks of the normal acceleration, determined from the stick position
trace, are identified as either gust-induced or maneuver -induced. If

the n; peak was preceded by motion of either or both sticks, it was con-
sidered to be maneuver-induced. If the peak was not preceded by stick
motion, or if the stick motions were not in the correct direction to
produce the acceleration observed, the peak was defined as a gust. A
peak was determined when the load factor trace rose and fell by 50 per-
cent of the peak value or by 0.2g, whichever was greater. Also, the
peak value must be outside the threshold. The threshold for load factor
peaks is 0.8 to 1.2g factors.

Peaks of the longitudinal cyclic and collective sticks are also presented.
These were defined as a rise or fall of 10 percent of full-stick travel
with the peak at least 10 percent above or below the normal values. The
normal stick positions for steady state were the actual normal positions
observed; those for the transient section were specified for each aircraft.

Time histories of the recorded parameters were retained only during the

steady-state portion of the flight. During the transient portions, only the
peak values were recorded, with no time history maintained.

Quality Control

The data presented in this report were edited, read, and quality-checked
by the U. S. Army Aviation Materiel Laboratories, and each record was
rechecked in the Quality Control Section at Technology Incorporated.

The mean deviations and standard deviations were computed from the
sample points obtained during the quality control check. If the reading
errors are assumed to be normally distributed, then plus or minus three
standard deviations from the true values should include 99. 7 percent of
the readings. The mean deviation and three standard deviations are
shown in Table I for ¢cach parameter.



TABLE I
Quality Control Values for Each Parameter

Parameter Mean Deviation Three Standard Deviations
Airspeed, kn* -.2 £2.0
Altitude, ft* -4.5 257 7
n, g -. 0008 +.06 ‘
}
Rotor rpm -.2 2.4 i
Long. cyclic stick, pct -.02 "+4.3 ;
Collective stick, pct -. 02 £3.1 i

*Computed at 120 knots indicated airspeed
**Computed at 1000-foot density altitude and standard temperature

Data Computations

The data obtained from the reading of the flight records were used in the
preparation of most figures and tables. However, certain derived param-
eters indicative of helicopter performance were calculated from the data
and are also presented in this report.

The normal load factor, n,, was reduced to an incremental normal load
factor, An,, for ease in presenting both positive and negative peaks,
using the relation

An, = n_ - 1.0. (1)
In order to provide a means of comparing helicopter performance data,
the density altitude, hy, was calculated from the static pressure and the
outside air temperature, OAT, from the relation



(2)

0.235
518.4 P :
hy = 145,300 |1 - ( 0 :
d [ 29.92 OAT + 13,745.2 ]

where P = atmospheric pressure, inches of mercury.

Two nondimensional parameters were also calculated. The rotor tip
speed ratio was determined from the relation

- v (3)
# orR
which for the CH-54A reduced to
\4
K = 00,4477 —/——— , 4
RPM (4)
where
V = indicated airspeed in knots.
Q = rotor angular velocity in radians per second.
R = rotor radius, 36,0 feet.
RPM = rotor revolutions per minute,.

C
The thrust coefficient divided by the rotor solidity—a-'I;was calculated

from the relation

C
T . 0001998 — , 5)

(RPM)2 (p)

W = gross weight in pounds.

RPM = rotor revolutions per minute,
¢ = rotor solidity, 0.08649,
p = local atmospheric density.




RESULTS

DATA PRESENTATION

The 110. 38 hours of usable recorded data were obtained from 409 flights
and 200 engine starts.

The data are presented as a set of time history tables, histogr~-as, peak
counts, and exceedance curves. The time history tables and L. :tograms
show the flight time spent in various ranges of one parameter versus
flight time spent in ranges of a second parameter. Certain tables have
also been broken down into ranges of a third or fourth parameter which
remains constant for any particular sub-table. The times shown are
steady-state times except Table II, which indicates total time (see the
appendix). The peak count tables present the number of peaks of one
parameter within given ranges which also fall within ranges of a second
parameter. The ranges of a third or fourth parameter may also be used
to modify certain tables.

Figure 2 shows the percentages of total recorded time in each mission.
The small percentage of time spent in the maneuver segment is repre-
sentative of a large helicopter. Figures 3(a) through 3(f) show the time
spent in each mission segment by gross weight ranges. These plots are
very similar, which would indicate that gross weight has very little, if
any, influence on the distribution of time among the mission segments.

Parameters directly related to engine performance, that is, torque and
gas producer rpm, were not tabulated for this report.

Time in the gross weight ranges is shown in Figure 4. Over one-third
of the steady-state time was recorded between 26,000 and 30,000 pounds.
The time at weights above 42, 000 pounds came primarily from demon-
stration flights, A maximum weight of 46,222 pounds was recorded,
consisting of a payload of 72 troops at approximately 200 pounds per man
and a 3,600-pound troop-and-cargo van,

The percentage of steady-state time spent in altitude ranges is shown in
Figure 5. The helicopter was operated at low density altitudes, with
only 3-1/2 percent of the time spent above a 5,000-foot density altitude.
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The rotor rpm was between 180 and 195 for more than 99 percent of the
time, with over 50 percent of the steady-state time between 185 and 190
rpm, as shown in Figure 6. The small amount of time spent below 180
rpm was logged during training flights which included one-engine-out
landings. This maneuver is discussed in connection with Figure 24.

The outside air temperature never dropped below 30°F. More than 50
percent of the time, the temperature was between 60° and 80°F, as shown
in Figure 7.

Rate of climb during steady state was between -300 and +300 feet per
minute more than 90 percent of the time, as shown in Figure 8. Small
periods of time were recorded down to 1, 200 feet per minute and above
1,500 feet per minute, It should be noted, however, that large values of
rate of climb which normally occur during transient flight are not in-
cluded in this report data.

The percentages of steady-state flight time within airspeed ranges are
shown in Figures 9 through 15. The complete time is shown in Figure 9
and is then broken down by altitude within weight ranges in Figures 10
through 15. The large percentage of time below 40 knots is the result of
hover time spent in picking up and setting off cargo and in performing
functions peculiar to the crane operation. Cruise airspeed appears to be
between 80 and 110 knots. The maximum airspeed of this aircraft is 120
knots; however, a small percentage of time was recorded above 120 knots.
A maximum airspeed of 131 knots occurred in high-speed runs during
check flights. The breakdown by gross weight ranges shows that the high
airspeeds are achieved at the higher density altitudes and at the lower
gross weights. No airspeeds above 110 knots were recorded at weights
over 38,000 pounds at density altitudes above 1,000 feet. Very little time
was spent at altitudes above 5,000 feet at gross weights over 34,000 pour is.

Exceedance curves for both positive and negative incremental maneuver
normal load factor peaks are presented in Figures 16(a) through 16(d),
Figures 17(a) through 17(f), and Figure 18. Figure 16 shows these curves
broken down by mission segments. The maneuver mission segment is the
most severe; however, only 2. 16 hours of data are represented. The
breakdown by gross weight ranges is shown in Figure 17. The exceedance
curves are very similar for all the weight ranges.

The highest values of incremental normal load factor occurred at gross
weights between 26,000 and 34,000 pounds. The composite curve is shown
in Figure 18. The highest maneuver load factor peak was 1.57, which
occurred during the maneuver mission segment and at a gross weight of
26, 000 pounds.

14
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Figure 19 shows a diagram and tabu.lation of the incremental maneuver
normal load factor peaks versus the rotor tip speed ratio. The majority
of the load factor peaks fall at the middle of the tip speed ratio ranges.

Figures 20(a) through 20(d), Figures 21(a) through 21(f), and Figure 22
show exceedance curves for both positive and negative incremental gust
normal load factor peaks broken down by mission segment and gross
weight ranges. The most severe gust environment was encountered
during the steady-state mission segment. This is due in part to the cri-
teria used for the establishment of gust peaks, which state that the peaks
are not preceded by control stick motions. Since, in general, the steady-
state mission segment is characterized by a quiet stick, the load factor
peaks in this mission segment have a greater probability of being gusts
than maneuvers. The breakdown by gross weight shows that for gross
weights up to 38,000 pounds, the curves are similar for each weight
range; however, above 38, 000 pounds, no incremental gust normal load
factors above 0. 4g were recorded. The composite incremental gust
normal load factor plot of Figure 22 indicates that the positive and nega-
tive increments have a very similar profile. This is to be expected if
the gusts are considered to be . inmetrical., The highest gust normal
load factor recorded was 1, 47,

Figure 23 shows a diagram and tabulation of gust normal load f{actor
peaks versus ranges of airspeed. It can be seen that the distribution is
quite uniform throughout airspeed ranges from 75 to 110 xnots.,

Figure 24 shows an oscillogram of a simulated engine failure and a
resulting one-engine-out landing. The gas producer rpm and the engine
torque of the failed engine fall rapidly at engine failure. At the same
time, the gas producer rpm and the torque of the remaining engine are
seen to increase to compensate for the lost power., The rotor rpm fell
from 183 to 159. The pilot increased the collective pitch to maintain
altitude, which also contributed to the loss of rpm. The rpm then in-
creased as the torque was increasing and reached a value of 174 rpm
just prior to landing. The gross weight at the time of engine loss was
28, 345 pounds, and the pressure altitude was 1,943 feet. The pressure
altitude at takeoff was 1,847 feet. Airspeed at engine-out was below 20
knots, The flight time recorded at a rotor rpm below 180 is attributed to
test and training flights such as the engine-out landing.
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CONCLUSIONS

It is concluded that:

1. Since the 110 hours of data collected were short of the 200-hour
goal, the results do not possess the desired level of confidence,
However, the data collected are valuable in that they represent
a majority of the flight hours logged by four CH-54A helicopters
of the 478th Flying Crane Company from 4 February 1965 to
27 July 1965, These logged flight hours essentially represent
the total operational use of the CH-54A aircraft during this
period.

2. The preliminary analysis revealed that no rlight conditions en-
countered were above 110 knots, 38,000 pounds, and a density
altitude of 1,000 feet. The highest maneuver load factor peak
was 1.57, and the highest gust load factor was 1.47. The most
severe gust environment was found to occur during the steady-
state mission segment. These observed results are well within
the design conditions, and indicate safe aircraft operation at
all times,
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APPENDIX

INSTRUCTIONS FOR READING COMPUTER PRINTOUTS
AND TABLES II THROUGH XXXIII

The range codes for all parameters are given in Table II. The codes
are the lower limits of each range.

For the computer printouts, Tables III through XXXIII, all times are
given in minutes unless otherwise specified, Since times have been
rounded off to the nearest tenth of a minute, time history tables which
were added before rounding occurred may disagree with the sum of the
rounded values by some fraction of a minute. The following method
assures that any value shown is within 0. 05 minute of the correct value:
a time value between 0 and up to but not including 0. 05 minute was
printed as ''0. 0", while no time measured was printed as "'0'',

Tables having neither points nor time were not printed.

Table headings are arranged so that the first-mentioned parameter

refers to the vertical ranges =t the left of the table; the second-mentioned
parameter refers to the horizontal ranges at the top of the table; and
whenever a third or fourth parameter is mentioned, it is followed by its
range in the heading. As an example, the heading ''nz Gust Peaks Versus
Velocity by Mission Segment Ascent, Altitude Less, Weight 30,000'" in-
dicates the number of gust n, peaks in selected airspeed ranges for
ascent, altitude below 1,000 feet, and weights between 30,000 and 34, 000

pounds.
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TABLE II

Parameter Limits

Airspeed (kn)

Code Range

Less Below 40
40 40 to 60
60 60 to 65
65 65to 70
70 70 to 75
75 75 to 80
80 80 to 85
85 85to 90
90 90 to 95
95 95 to 100
100 100 to 105
105 105to 110
110 110 to 115
115 115 to 120
120 Above 120

Collective and Cyclic

Stick Steady (%)

Code Range

Less Below 10
10 10 to 20
20 20 to 30
30 30 to 40
40 40 to 50
50 50 te 60
60 60 to 70
70 70 to 80
80 80 to 90
90 Above 90

Altitude (ft)

Gust n, and

Maneuver ng ‘SZ
Code Range

Below 0.
0.2t0 0.
0.4t0 0.
0.5t0 0.
0.6 to 0.
0.7t0 0.
0.8to 1.
1.2 to
1.3 to
1.4 to
1.5 to
1.6 to
1.7 to
1
2
2
A

-
®
/]
w

.8 to
.0 to
.2 to
bove

P NOOICTU B WNO~IOC WD N

N NNV DN == e e e s e

Temperature (°F)

Code Range

Less Below 0
0 0tol0
10 10 to 20
20 20 to 30
30 30 to 40
40 40 to 50
50 50 to 60
60 60 to 70
70 70 to 80
80 80 to 90
90 Above 90

Gross Weight (lb)

Code Range Code Range

Less Below 1, 000 Less Below 26, 000
1,000 1,000 to 2,000 26, 000 26,000 to 30, 000
2,000 2,000 to 5,000 30,000 30, 000 to 34, 000
5,000 5,000 to 10, 000 34,000 34,000 to 38, 000

10, 000 10, 000 to 15, 000 38, 000 38,000 to 42, 000

15,000 Above 15,000 42,000 Above 42,000
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TABLE II, contd,

Rate of Climb

(ft/min)
Code Range
Less Below -1500
-1500 -1500 to -1200
-1200 -1200 to -900
-900 -900 to -600
-600 -600 to -300
-300 -300to 300
300 300 to 600
600 600 to 900
900 900 to 1200
1200 1200 to 1500
1500 Above 1500
Collective and Cyclic
Stick Peaks (%)
Code Range
Less Below -40
-40 -40 to -30
-30 -30 to -20
-20 -20to -10
-10 -10to 10
10 10 to 20
20 20 to 30
30 30 to 40
40 Above 40
Thrust Coefficient
Ratio CT/o
Code Range
Less Below 0.06
0.06 0.06 to 0.09
0.09 0.09to0.12
0.12 0.12t0 0.15
0.15 0.15t0 0.18
0.18 0.18 to 0.21
0.2! Above 0.2]

Airspeed Acceleration

(ft/sec?)
Code Range
Less Below -15
-15 -15to -12
-12 -12to -9
-9 -9 to -6
-6 -6 to -3
-3 -3to O
0 Oto 3
3 3to 6
6 6to 9
9 9to 12
12 12to 15
15 Above 15

Tip-Speed Ratic, 4

Code Range

Less Melow 0

0.0 0.0to 0.5
0.5 0.5t00.10
0.10 0.10to 0.15
0.15 0.15t00.20
0.20 0.20 to 0.25
0.25 0.25 to 0.30
0.30 Above 0. 30
Rotor RPM

Code Range
Less Below 180
180 180 to 185
185 185 to 190
1720 190 to 195
195 195 to 200
200 200 to 205
205 Above 205
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TABLE III
Time for Mission Segment Versus Weight

TIME(MINUTES) FOR MISSION SEGMENT VS WEIGHT TOTAL

LESS 260C0 30000 34000 38000 420CO TOTAL
ASCENT 109.7 126.9 62.3 80.9 30.9 44.0 454,17
MANUVR 22.0 78.5 21.9 5.1 2.3 129.8
DESCNT 240.1 223.2 131.9 134.2 4b.8 53.9 832.1
STEACY 999.2 1844.9 969.3 948.2 200.9 243.9 5206.4
TOTAL 1370.9 2273.5 1185.5 1163.3 285.6 344.1 6623.0

TABLE IV
Time for Altitude Versus Airspeed by Weight

TIPEININUTES) POR ALTITUOE VS VELOCITY OY WEIGHNT LESS

LESS 40 60 1] 10 " [ {] (1] L[] L} ] 10¢ 108 110 113 120 TOTAL
LESS 95.0 3.3 s.0 %l [ 1Y) 6.0 3.6 9%0 0.9 9.6 beb 7.7 1.9 0.2 178.2
10€0 119.0 4.0 0.6 6.} 6.0 16.8 2.9 20.0 17.4 7.7 13.7 1.9 1.4 0.6 274.5
2000 122.¢ 2.9 3.l 23 [X3) 12.0 30.1 (LT ] 44,9 39,9 97.3 7.1 234) 16.7 20.5 481.9
soco 0.9 3.9 .1 41.9 8.1 1.5 66.6

100C0
£50C0
TOTAL 336.3 11.0 163 177 3040 408  67.3 115:3 765 0.7 TT.9 72,7 26.6  17.3 20,5 999.2

TIME(MINUTES) FOR ALTITUOE v VELOCITY BY WELIGHT 240C0

LESS 40 60 3 70 1L ) [ 14 (1] 9 1 2] 10¢ 103 1o 119 120 TOvAL

LESS 221.0 25.0 162 20.3 24.6 20.0 15.0 26,0 26.5 366 20.7 Q1.2 4ot 2.9 1.9 479.9

100 177.3 19,0 12,7 22,0 24,9 35,7 49.) Sle2 6Ced 36,9 23,0 24,1 .2 3.6 03 834.2

20C0 104,99 12.6 13.4 16,9 20.8 5%5.0 907 5.9 82.2 4).7 50.9 %6.% 29.0 4.9 0.1 743.)

$0C0 Ced 0.2 0.6 . 4.2 14.1 C.9 1.9 9.4 6.1 19.0 .5
100¢C
1500

TOTAL 583,35 56.6 42.6 959.3 79,0 112.3 127,68 176.9 15C.0 137.1 Q14,4 127.9 3.8 11.4 L0 10464.9

TIME(NINLTES) FOR ALYITUDE VS VELOCITY BY wEIGHT 300CO

LESS «0 60 (1] 10 79 [ 14 (3} L] L1} 100 1cs 110 s 120 TOTAL

LESS 67,9 3.3 4.0 8.1 12,9 167 1646 16.0 13.0 1.9 6.3 27,0 24.8 0.3 223.8

1000 40,8 13.6 8.7 8.9 4.9 8.7 9.7 19.0 7.3 8.0 39,2 601 9.1 8.9 290.8

200 29.9 8.9 9.9 162 22,9 28,2 %01 02.9  o8.1 51,1 9.8 3.2 4ol 3.9 0ol 428,46

j0C0 0.4 Cob 2.7 1.2 137 1.8 26,2
100C0
1%0¢o

1074L 133.9 2600 23.0 27,0 AOG.T  91.6  Tl.4 L1846 00,8 70,6 92.2 124.) 8.9 13.9 0.1 949.)

TIPEIMINUTES) PUR ALTITUOE vS VELOCITY BY wEIGHT 340C0

LESS 40 0 o 10 18 4 1) 0 s 1oc tos 110 115 120 TOTAL

LESS 37,6 3.1 2.2 6.6 6.2 12,6 9.6 9.3 6.8 8.6 6.7 315 21,0 0.0 160.7

1000 80,1 8.7  4e® 9.0 10,5 14,0 261 264 340 39,8 44.9 26,4 1.7 3204

2000 5603 9.6 18.2  16e2  12.1 17,3 26e7  46.T 72,5 1.0 ST.3  49.6 e.¢C 459.0
socc
1¢0¢0
150Cy

TOTAL 171.8  23.6  2%.3 31,6 20,9 3.6 96.3  02.4 113.) 117.0 108.9 1C%3 37.6 0.8 0.2
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TABLE IV, c

ontd.

TIMEAMINGTES) PUR ALTITUCE vS VELOCITY BY WEIGHT 3AGCC

LESY « 60 6% 10 1% 4C 85
LFSS LY} .2 C.2 G.2 1.9 6.t 5.1 l.2
1CCC 13.9 i 4.3 1.0 1.8 2.1 3.7 8.1
2CCL 13.9 ted 2.0 3.1 1.9 1.9 10.2 17.¢
s0uC 0.1 0.1 0.% 1.4 Ot
1CCLY%
isnie

ra a9 Gk 6.5 LI 11.2 21.0 2C. 4 7.5

TIMEFIMENUTES) FUR ALTETLDE VS VELCCITY BY wEIGhT 420C0

(R 0 6C 6% 10 15 aC as
LESS ll.o 6.6 6.3 S.b 4.5 3.1 4.C 2.1
toco 22.3 1.1 3.2 4.9 10.2 13.9% 11.9 1.3
2CC0 le.é C.9 c.8 1.9 1o 10.3 .4 20.9
SCCC
tccec
1504

1etrag bHe S 6.4 4.3 12.7 i6.2 21,4 27.9 30.)

TIMECWINUTES ) Fud ALTITUCE VS VELCCITY BY wEIGRT TOTAL

Le$s 40 6 (%) 10 1% nC e5
LESS &a%4,m «.4 12.4 5C.1 57,9 6.6 5.9 (3.}

1000 693,46 n3.) 42.2 LAY 69,1 42,7 1211 112.0 12¢.2 115.3

ac s ace 105 110
1.7 1.6 C.t 0.3 2.
1.9 6.0 €.}

14,4 8.9 10,5 1.9

.5

LY 18.¢ It.e 2.2 2.4

[ 95 1cc 1CS 1o
7 2.9 01 0.) 0.2
1 6.9 1.7 1.3

9 . C.2

21.8 15.9% 8.C 1.5 Ce2

QC 9% 1cC 1¢s e
eC.? 61.% «3.C 1M.0 54.9
131.5 117.8 1%.3

PO TS  S L P 16.8 “r.C S4.2 Taeb 135,01 I8C.2 29H.6 27140 261.8 21%.6 e8.0 k.t

SCiy e} C.3 1.2 S.2 16.7 LAY

Lccce
15CLL

S.o 8.1 l6.¢ “9.4 2C. %

TLTAL 132601 133.5 122.C 153.6 2uhed  296.T7  372.9%  5%0.8 &B1.7 425.) &12.7 433.7 217.1

65.6

120 TCTAL
0.} 28,4
66.0

163.4

3!

0.3 200.9
120 T1OTAL
66.7

99,1

18,1

2639

12¢ 1cra
1o 113506
0.3 1993).0

20.7 2294,

228 520A.¢

19).4

TABLE V

Time for Collective Stick Position Versus Cyclic
Stick Position by Rate of Climb

TIME(MINUTES) FUR COLLECTIVE vS CycLIC B

LESS 10 20 30 40

4«0 0.1

Y CLIMB LESS
50 6C 10 80

90

TOTAL

[e N =]
.
- N

=
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TABLE V, contd.

TIMEIMINUTES) FOR COLLECTIVE VS CYCLIC BY CLIMB

LESS
10
20
30
40
50
60
70
00
S0

TATAL

LESS
10
20
30
40
S0
60
10
80

TOTAL

LESS
10
20
30
A0
50
60
10
80
S0

TOTAL

LESS

10

20

30 40 50 60
0.2
0.1
0.1 0.2

TIME(MINUTES) FUR COLLECTIVE vS CYCLIC BY CLIMA

LESS

10

0.1

0.1

0.3
0.3
0.2

0.8

30 40 50 60
0.1 0.7
0.9
0.3
0.6 1.0

TIME(MINUTES) FOR COLLECTIVE vS CYCLIC 8y CLIMB

LESS

0.1

0.1

10

1.1

20

OO
e o 8 0 o

- g e QD W

5.3

30 40 50 6C
0.5 0.1
led 1.8 0.7 0.2
2.0 2.2 0.1
006 003 o.l
0.1

4.0 4.8 1.0 .2

-15C0
10 80 90 TUTAL

0.2
0.1

=12C€0
10 8cC S0 10TAL

[~ NeNeo Ko}
o o o o
>*woom

-9C0

10 1 90 TOTAL

OVOoOwD
* o ° L ]
w =D

lb.b
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TABLE V, contd.

30
40
50
60
70
80
90
TOTAL

LESS

10

20

40.6

TIME{MINUTES) FUR COLLFCTIVE

30

0.5
10.3
26.8
1.1

0.1

48.8

VIME(MINUTES) FOR COLLECTIVE

LESS

0.6
87.5
75.6

2.6

166.3

10

4.6

64,0

156.0

9.3

234.8

20

0.4

30.7
128.1
709.9

62.8

30

5.0
89.5

777.3
S33.1

38.2
0.1

931.9 1443.2

VS CYCLIC BY CLINMD

40

3l.6

50

12.6

60
0.8
0.2
C.4

1.5

vS CYCLIC BY CLIMH

40

26.5
186.5
520.1
248.17

24.0

1005.9

50

11.7
22444
409.8
118.9

46.1

810.9

60

117.7

TIMEIMINUTES) FUR COLLECTIVE VS CYCLIC By CLIMS

LESS
10
20
30
40
50
60
70
80
S0

TOTAL

LESS

[V

7.0

10

2l.?

20

osrcoO

o000

48.9

30

W W
Coww
S ~NOwW

79.5%

TIMEIMINUTES) FOR COLLECTYIVE

LESS
10
20
30
40
50
60
70
80
S0

TOTAL

LESS

2.2

10

[l - T
L]
-~

11.1

20

ll.6

30

> po
=N e e
e & o @

-_NO®

26,1

40

46.7

$0

* o o o
VO WM

2041

60

0.4
0.3

0.7

VS CYCLIC HY CLIMH

40

50

0.9
2.7
0.8
0.1

4.6

60

0.1

0.1

-6C0

70

-3C0
70

1.4

1.4

3co
10

6CO
70

80 90 TOvVAL

7.C
37.4
6l.
44,2

4.3

150.9

80 90 TOTAL

44.9
558.8
2068.6
1652.3
187.3
0.1

4712.C

80 90 T1OTAL

0.3
18.2
83.2

103.7
19.2

224.8

80 90 TOTAL

6846




TABLE V, contd.

TIME(MINUTES) FOR COLLECTIVE VS CYCLIC BY CLIMY Yeo
LESS 10 20 30 4«0 50 60 10
0.2
2.5 0.5 3.7 1.3 0.4
0.5 0.5 2.8 S.1 1.9
0.2 0.2 0.1 0.2
0.5 3.2 3.5 8.8 3.5 0.6
TIME(MINUTES) FOR COLLECTIVE VS CYCLIC 8Y CLIMA 12C0
LESS 10 20 30 40 50 6C 10
0.5
0.5 1.5
0.5 0.5 1.5 0.3
0.1 0.2
0.5 1.1 2.1 1.8 0.2
TIME (MINUTES) FOR COLLECTIVE VS CYCLIC BY CLIME 15C0
LESS 10 20 30 40 S0 60 10
0.5
0.4
0.5 0.2
1o 0.2
TIME(MINUTES) FOR COLLECTIVE VS CYCLIC BY CLIMH TUTAL
LESS 10 20 30 40 50 6C 70
0.2 2.9 5.6 30.9 13.2 1.4
0.7 Te2 43,2 107.3 206.7 238.7 23.5
91.3 B4.0 147.7 854.9 568,61 428.3 8C.4 1.6
84,7 181.6 773.8 601.0 276.1 122.3 10.48
3.6 14.2 16,1 45.8 26.9 47.6 4.2
0.1
18C.3 287.2 1043.7 1614.7 11C8.8 8%0.1 12C.2 l.4

80 90

TOTAL

20.2

80 S0 T0TAL

ONNO
e o o o
(" W o WY ]

80 SO0 TOTAL

ac 90 TOTAL

54.1
627.4
2256.1
2050.)
218.4
0.l

©206.4
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TABLE VI

Time for Rotor RPM Versus Rate of Climb by

Outside Air Temperature

TIME(MINUTES) FUR RPM VS CLIMB BY TEMPERATURE 30
LESS =-15C0 -1200 =900 =600 -300 300 600 S00 1260 150C TOTAL
LESS
18C 0.6 1.6 2.2
185 0.4 0.8 39.5 2.4 0.5 43.7
190 0.8 25.3 1.7 0.9 28.7
185
2C0
2C5
TOTAL 1.2 l.4 66.4 4.1 l.6 4.6
VIME{MINUTES) FOR RPM VS CLIMB BY TEMPERATURE 40
LESS -15C0 ~-l1200 =900 =600 -300 300 600 S00 1200 1500 TATAL
LESS
180 0.1 0.3 35.4 1.9 0.1 37.8
185 6.2 167.8 4.5 lel C.8 0.3 180.7
190 0.l 0.7 l.4 7.5 158.5 9.8 0.8 C.8 0.1 179.6
185 0.1 0.1
2C0
2C5
TOTAL Cel 0.7 1.5 14.0 361.8 16.C 2.1 1.6 0.3 0.1 3%8.2
TIME(MINUTES) FUR RPM  vS CLIMB BY TEMPERATURE 50
LESS <-15C0 -1200 =9Co =600 =300 3oc 600 900 1200 1500 TOTAL
LESS
180 0.5 S.7 287.7 9.C 1.3 0.1 3Cs.2
185 0.6 4.0 305.4 11.7 1.6 1.2 0.3 0.2 325.1
150 0.7 9.7 214.9 16.6 3.7 3.8 1.9 0.3 251.2
169 2.2 7.3 0.3 C.9 C.9 C.2 11.7
2C0 lel tel
2CH5
TOTAL 1.7 2l.6 Bl6.3 37.6 7.5 5.9 2.1 0.5 893.3
TIME{MINUTES) FOR RPM VS CLIMB RY TEMPERATURE ¢0
LESS =-15¢0 =1200 =900 ~600 =300 Joo 600 S00 12C0 .150C TATAL
LESS 0.1 0.4 0.3 0.8
180 0.1 3.4 197.3 10.5 l.2 C.3 0.1 212.9
185 0.3 l.8 22.1 684.4 31.6 9.1 2.2 0.3 751.9
190 0.2 0.3 0.3 3.6 27.8 4l2.1 25.5% 11.9 1.7 0.6 0.6 4B84.4
165 0.2 13.7 0.3 14,1
2C0 2.3 0.3 2.5
2C5
TOTAL 0.2 0.3 0.6 5.5 53.7 1310.2 68.4 22.2 4e2 G.9 Oe& 1466.06
TIME(MINUTES) FOR RPF VS CLIMB BY TEMPERATURE 70
LESS ~-15C0 -1200 =900 -600 -300 joc 600 $00 1200 1500 TOTAL
LESS 1.3 0.2 1.6
180 2.4 150.3 1.3 1.1 C.2 0.6 162.0
185 0.1 2.4 22.2 828.7 35.9 9.2 1.7 0.8 900.9
190 1.0 3.1 15.9 1328.1 13.8 T.1 2.5 0.8 0.2 1372.4
165 0.1 10.8 0.4 0.3 11.6
200 0.1 0.2 0.3
2C5
TOTAL 1.1 5.6 40.4 1319.4 $7.7 17.6 4.3 2.2 0.2 l448,.6
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TABLE VI, contd.

TIMEIMINUTES) FOR RPWM

LESS
180
185
190
165
2C0
205

TOTAL

LESS
180
185
160
165
2C0
2CS

TOTAL

LESS
180
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